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ABSTRACT
Background: Isolated medial cuneiform fractures are a rare but diagnostically challenging condition. Diagnostic delay in these cases may lead to delays in ideal treatment approaches and prolonged symptomology. An understanding of clinical presentation is needed to expedite diagnosis, facilitate decision making, and guide treatment approach. Methods: Case studies /series were searched in four databases until September 2019.  Included studies had subjects with a history of traumatic closed medial cuneiform fracture.  Studies were excluded if they were open fractures, multi-trauma, or were associated with dislocation/Lisfranc injury. Three blinded reviewers assessed the methodological quality of the studies and a qualitative synthesis was performed. Results: Ten studies were identified totaling fifteen clinical cases. Mean age was 38.0 (± 12.8) years with 86.7% of reported subjects being men. The overall methodological quality was moderate to high while the reporting of the case selection criteria was poor overall. The most commonly reported clinical symptoms were localized tenderness (60.0%) and edema (53.3%). Direct blow was the most common inciting trauma (46.2%), followed by an axial load (30.8%), and avulsion injuries (23.1%).  Baseline radiographs were occult in 72.7% of cases, with magnetic resonance imaging (MRI) and computed tomography being the most common diagnostic modalities. Diagnostic delay averaged 64.7 (± 89.6) days. Conservative management was pursued in 54.5% of cases with reported resolution of symptoms in three to six months. Surgical intervention occurred in 45.5% of cases and resulted in functional restoration at three to six months in all but one case. Conclusions: Initial radiographs for isolated medial cuneiform fractures are frequently occult. Due to expedience and relatively low cost, radiographs are still a viable first-line imaging modality. If clinical concern remains, MRI may be pursued to minimize diagnostic delay. Conservative management is a viable treatment methodology with expected return to full function in three to six months.
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INTRODUCTION
Traumatic foot injuries are a common presentation in emergency departments. ADDIN EN.CITE 1-3  These injuries can cost up to $21,801 to manage and are compounded by loss of productivity and salary by the employer and employee, respectively. ADDIN EN.CITE 4,5  The three cuneiform bones of the foot (medial, intermediate, and lateral) and their articulations are relatively small and well protected from injury, primarily due to the extensive ligamentous structures around these articulations.6  While there is motion between the cuneiform bones, it is slight and limited to gliding motions.7  Due to the inherent stability of these joints, isolated fracture in the absence of ligamentous disruption or dislocation are rare, accounting for approximately 2% of all tarsal fractures.8  

Evidence-based guidelines such as the Ottawa Ankle Rules and American College of Radiology (ACR) Appropriateness Criteria are effective in aiding clinicians to rule out fracture in cases of foot trauma. ADDIN EN.CITE 9-12  While these guidelines currently constitute best practice, they do not achieve 100% sensitivity to rule out fracture and may lead to a lack of baseline imaging in isolated cuneiform fractures. ADDIN EN.CITE 13-15  When radiographs are ordered, midfoot fractures are often occult which can lead to delayed diagnosis and prolonged patient disability. ADDIN EN.CITE 16-21  Olson et al22 have previously reported that the diagnosis of non-displaced medical cuneiform fractures may be delayed or even missed completely, because these fractures are subtle or occult on plain film radiographs, especially when taken in a non-weight-bearing position.  Furthermore, in this region of the foot, radiographs can be particularly difficult to interpret because of multiple overlapping shadows of the cuneiform bones.7  Therefore, advanced imaging, such as skeletal scintigraphy, computed tomography, or magnetic resonance imaging, may be necessary during patient evaluation in order to make the correct diagnosis in a timely fashion. ADDIN EN.CITE 7,22

While individual case studies detail the diagnosis and management of isolated medial cuneiform injuries, we were unable to locate any research publications that comprehensively describe the evaluation and management of isolated fracture of the medial cuneiform.  No known composite patient presentation has been established to supplement clinical decision making where imaging guidelines may fail.   While the ACR Appropriateness Criteria supports advanced imaging in cases of suspected occult foot fractures, no systematic review has reported which modality may be ideal for isolated medial cuneiform fractures.  While individual case reports have documented success with both conservative and surgical intervention in this patient population, no comprehensive study exists to direct which treatment approach may be best pursued. ADDIN EN.CITE 23,24





The review protocol was not registered.  

Search Strategy
A comprehensive literature search was completed using the following databases: CINAHL, SportDISCUS, PubMed (MEDLINE), and SCOPUS.  Limits applied included English language and studies on human subjects and was conducted from inception until September 2019.  Search terms used were (fracture) AND ("medial cuneiform" OR "first cuneiform" OR "1st cuneiform").

Inclusion Criteria
Studies were considered eligible for inclusion if they satisfied the following criteria: 
1.	Studies with subjects with a history of traumatic closed medial cuneiform fracture
2.	Case Vignettes, Case Reports or Case Series

Exclusion Criteria
Studies were not considered eligible if any of the following were found: 
1.	Studies where the medial cuneiform fracture was considered to be a stress (fatigue or insufficiency) fracture
2.	Studies where the medial cuneiform fracture was an open fracture, associated with concurrent dislocation, Lisfranc injury, or was associated with multi-trauma (such as multiple fractures). 




After articles were identified using the search strategy above, duplicates were removed.  Two independent reviewers, LM and TP, screened titles and abstracts to determine eligibility for full-text consideration.  Reviewers were blinded from one another’s results during the screening process.  After screening titles and abstracts, full-texts were pulled for final inclusion consideration.  In cases when a consensus was not reached between reviewers, a third reviewer (ASG) was consulted. 

Data Extraction
Data were extracted independently by LM and ASG using a standardized spreadsheet to record author(s), year of publication, study population (sex, age), mechanism of injury (MOI), trauma type, initial/managing provider, ability to walk immediately after injury, baseline and secondary imaging type, presence of antalgic gait pattern, presence of ecchymosis, edema, or erythema, palpatory tenderness, diagnostic delay period, treatment approach, and outcome.  Consensus was reached by discussion.

Assessment of Methodological Quality
LM and TP completed a bias assessment of the final 10 articles using Murad’s criteria.25  Two out of eight of the bias assessment criteria were excluded because they pertained specifically to pharmaceutical studies: was there a challenge/rechallenge phenomenon; was there a dose–response effect.  Therefore, six of the eight criteria were used for the bias assessment.  LM and TP were blinded from one another’s quality scores during the scoring process.  ASG resolved any discrepancy between the two reviewers on the quality score of each article.  

Results Synthesis




In total, 194 studies were identified from the database searches (Figure 1).  After duplicate removal and title abstract screening, 15 studies remained for full text analysis.  Of those 15 studies, 5 were eliminated due to the following reasons: no defined medial cuneiform fracture, ADDIN EN.CITE 26 atraumatic medial cuneiform fracture, ADDIN EN.CITE 27,28 no clinical course reported, ADDIN EN.CITE 29 and multi-trauma. ADDIN EN.CITE 30  A total of 10 studies were therefore included in our qualitative analysis.  A total of 15 patient cases from these 10 peer reviewed publications were found. ADDIN EN.CITE 22-24,31-37

Study Characteristics
Table 1 reports the main characteristics of the included studies and cases.  Age of patients ranged from 21-62 years (mean = 38.0 ± 12.8) with more men (86.7%) reported compared to women (n=13 vs. 2).  Eleven cases reported a type of trauma, of which a direct blow was the most common etiology (46.2%) followed by axial compression (30.8%), and avulsion fractures being the lowest etiological frequency (23.1%).  Ten cases detailed first-line providers, most common of which in the emergency department (60.0%), though a portion of initial presentations occurred at the primary care provider (20.0%) or orthopaedics (20.0%).  The cases were finally managed by orthopaedics (63.6%) with podiatry treating three of the cases (27.3%) and physical therapy treating one case (9.1%).

Localized palpatory tenderness was the most commonly reported clinical finding occurring in nine cases (60.0%).  An antalgic gait pattern was present in four cases (26.7%).  Localized edema was present in eight cases (53.3%), ecchymosis was present in three cases (20.0%), and erythema was present in one case (6.7%).  Of note, many of the cases failed to either mention presence nor absence of these findings, which may suggest these percentages are lower than what were clinically present.

Baseline radiographs were reported in eleven of the fifteen cases, and of these, eight of eleven were occult (72.7%).  Of the eight cases with occult imaging, three cases with MRI were diagnostic, ADDIN EN.CITE 22,23,33 four cases with CT were diagnostic, ADDIN EN.CITE 34-36,38 one case with bone scan was diagnostic, and one of three cases with repeat radiographs was diagnostic (33.3%). ADDIN EN.CITE 22,36  In the case with the bone scan, a CT scan was also ordered due to the inherent low specificity of bone scan.22

Eleven cases reported treatment approaches with clinical outcomes. Six cases were treated conservatively (54.5%) and five were treated surgically (45.5%).  Cases treated conservatively commonly prescribed six to eight weeks of non-weight bearing with return to full function in three to six months. ADDIN EN.CITE 22,33,34  It is notable, however, that in one case the patient advanced herself to full weight-bearing three days after the injury and still achieved full function with conservative care at the three-month mark.23  While most surgical interventions reported a return to full function in three to six months, ADDIN EN.CITE 24,34,37 one case did report ongoing functional deficits at the six-month mark.36

Diagnostic delay was reported in ten cases and ranged from zero days to nine months.  The average diagnostic delay was 64.7 (± 89.6) days and was primarily composed of provider delay.  One case did, however, report a two-month patient delay before first seeking treatment.35

Methodological Quality Assessment of Studies
Bias for all ten studies was evaluated on a six-point scale where higher percentages suggested lower levels of bias and lower percentages suggest higher level of bias (Table 2).  Bias scores ranged from two to six points on the six-point scale (33.3-100.0%).  The average bias score across all studies was 4.5 points (75.0%) suggesting a low to moderate level of bias.25  A common weakness of the studies were a failure to report the selection method of the patient.  The following metrics were reasonably well represented by included studies: adequate exposure; adequate outcome; alternative causes of symptoms; sufficient follow-up; reproducibility.

DISCUSSION
Isolated medial cuneiform fractures are a rare and diagnostically challenging condition which are typically occult on baseline radiographs. ADDIN EN.CITE 23,32,33  Non-contributory imaging may lead to diagnostic delay and unnecessarily prolonging patient suffering.  As this condition is exceedingly rare, to our knowledge, no studies have been published with greater methodological rigor than the case studies/series presented in these findings.  This is the first article to present a systematic search and comprehensive synthesis of presentation, diagnosis, and treatment of isolated medial cuneiform fractures.

Only one case reported an inability to walk at the time of injury indicating a positive finding on the Ottawa Ankle Rules. ADDIN EN.CITE 39-41  This would suggest a risk of a patient not receiving baseline imaging if evidence-based guidelines for imaging are followed.  As the Ottawa Ankle Rules do not always achieve 100% sensitivity, ADDIN EN.CITE 42-44 it may be of value to add medial cuneiform tenderness to the rules to minimize the chance of a missed fracture.  Other authors have similarly suggested updates to the Ottawa Ankle Rules to improve overall yield. ADDIN EN.CITE 45  While this may improve sensitivity of the rules, it may also have a negative impact on specificity, which warrants further investigation.

Localized palpatory tenderness, edema, and an antalgic gait pattern were present in all reporting cases.  While this may aid in diagnosis, these symptoms would be similarly experienced in patients with a diagnosis of a Lisfranc injury.46  Mechanisms for isolated medial cuneiform fractures are also consistent with those for Lisfranc injuries. ADDIN EN.CITE 47  Much like medial cuneiform fractures, Lisfranc injuries are frequently misdiagnosed ADDIN EN.CITE 48-50 and may present as occult on baseline radiographs. ADDIN EN.CITE 46,51  Distinguishing between these diagnoses is of utmost importance, as isolated medial cuneiform fractures may be treated conservatively ADDIN EN.CITE 23,33,35 while Lisfranc injuries may result in poor outcomes unless treated surgically. ADDIN EN.CITE 52-54  It is notable that these articles were largely silent on the presence or absence of clinical findings typically associated with Lisfranc injuries such as loss of arch height, the plantar ecchymosis sign, or toe gapping. ADDIN EN.CITE 55-57

While baseline radiographs were commonly occult, they were diagnostic in three of eleven cases.  This is consistent with previous evidence suggesting that midfoot fractures are typically occult in baseline radiographs. ADDIN EN.CITE 58,59  However, given the low radiation exposure, expedience, and cost effectiveness of plain radiographs, these may still offer value as a primary imaging modality. ADDIN EN.CITE 60,61  Lisfranc injury would be a typical differential diagnosis of isolated medial cuneiform fractures prior to imaging results.  Given the ability for weight bearing foot radiographs to aid in ligamentous disruption via expansion of joint spaces, we suggest weight-bearing foot radiographs as tolerated to aid in this differential. ADDIN EN.CITE 62-64  This is consistent with the American College of Radiology Appropriateness Criteria for traumatic midfoot injuries. ADDIN EN.CITE 9

Our study found that neither repeat radiographs or bone scans were definitively diagnostic in cases of isolated medial cuneiform fractures. ADDIN EN.CITE 22,36  These findings would suggest that repeat radiographs or bone scan are not the optimal secondary imaging choice.  Conversely, MRI or CT scan may potentially be of greatest diagnostic value as both modalities led to a definitive diagnosis as a secondary imaging modality. ADDIN EN.CITE 22,23,32-36  Given the ability of MRI to rule out a concomitant Lisfranc injury, it may hold superior diagnostic capability over CT. ADDIN EN.CITE 65-67  With that in mind, we have proposed a diagnostic flowsheet to aid in identifying isolated medial cuneiform fractures.(Figure 2)

Diagnostic delay in these cases was primarily composed of provider delay.  Patient delay was minimized as many patients reported immediately to the emergency department after the injury.  This is consistent with delays reported in other traumatic isolated midfoot fractures. ADDIN EN.CITE 7,68  More insidious sources of foot pain tend to lead to greater duration of patient delays when compared to provider delays. ADDIN EN.CITE 69-71  Given the qualitative analysis within this study, progressing to magnetic resonance imaging in patients with traumatic foot injuries with tenderness at the medial cuneiform may minimize provider delay while expediting the requisite rehabilitative treatments.

This article is limited by the methodological rigor of its included studies, as the highest level of evidence for isolated medial cuneiform fractures in this review is case studies/series.  While studies overall had low to moderate bias, selection bias was common amongst the studies.  Future studies should explore changes in the diagnostic properties of the Ottawa Ankle Rules if medial cuneiform tenderness is added to the foot protocol.

CONCLUSION
Isolated medial cuneiform fractures are a rare but diagnostically challenging injury which lead to two-months-average diagnostic delays.  They commonly present with localized tenderness and edema.  Initial radiographs are frequently occult, however, due to expedience and relatively low cost, these are still a viable first-line imaging modality.  If clinical concern remains, findings from this review suggest that magnetic resonance imaging may be pursued to minimize diagnostic delay.  Conservative management is a viable treatment methodology with expected return to full function in three to six months.

LEGENDS
Figure 1. Study selection flow diagram
Figure 2. Isolated medial cuneiform diagnostic and treatment flow diagram
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